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AB Prostate cancer is the second most common cause of death from cancer in 



U.S. men, and advanced, hormone -refractory disease is characterized by 
painful osteoblastic bone metastases. 
Endothelin-1, more commonly known as a potent 

vasoconstrictor, is a normal ejaculate protein that also stimulates 
osteoblasts. We show here that plasma immunoreactive endothelin concns . 
are significantly elevated in men with metastatic prostate cancer and that 
every human prostate cancer cell line tested produces endothelin 
-1 mRNA and secretes immunoreactive endothelin. Exogenous 
endothelin-1 is a prostate cancer mitogen in vitro and 

increases alkaline phosphatase activity in new bone formation, indicating that 

ectopic endothelin-1 may be a mediator of the 

osteoblastic response to bone to metastatic prostate cancer, 
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Osteomimetic properties of prostate cancer cells: A hypothesis supporting 
the predilection of prostate cancer metastasis and growth in the bone 
environment 

Koeneman K.S.; Yeung F.; Chung L.W.K. 
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United States . 
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BACKGROUND. Unlike most other malignancies, prostate cancer metastasizes 
preferentially to the skeleton and elicits osteoblastic reactions. 
METHODS. We present a hypothesis, based upon results obtained from our 
laboratory and others, on the nature of progression of prostate cancer 
cells and their predilection to growth and metastasis in the bone 
microenvironment . We propose the hypothesis that osseous metastatic 
prostate cancer cells must be osteomimetic in order to metastasize, grow, 
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and survive in the skeleton. The reciprocal interaction between prostate 
cancer and bone stromal growth factors, including basic fibroblast growth 
factor (bFGF) , hepatocyte growth factor/scatter factor (HGF/SF) and 
especially the insulin growth factor (IGF) axis initiates bone tropism 
and is enhanced by prostate secreted endothelin-1 

(ET-1) and urokinase-type plasminogen activator (uPA) . Growth factors and 
peptides that have differentiating activity, such as transforming growth 
factor beta (TGF-p) , parathyroid hormone -related protein (PTH-rp) 
and the bone morphogenetic proteins (BMPs) , can shift local homeostasis 
to produce the characteristic blastic phenotype, via interaction with 
prostate- secreted human kalikrein 2 (hK2), and prostate-specific antigen 

(PSA) . This proposal asserts that altering the expression of certain 
critical transcription factors, such as Cbfa and MSX in prostate cancer 
cells, which presumably are under the inductive influences of prostate or 
bone stromal cells, can confer profiles of gene expression, such as 
osteopontm (OPN) , osteocalcin (OC) , and bone sialoprotein (BSP) that 
mimic that of osteoblasts. RESULTS AND CONCLUSIONS. Elucidation of common 
proteins, presumably driven by the same promoters, expressed by both 
prostate cancer and bone stromal cells, could result in the development 
of novel preventive and therapeutic strategies for the treatment of 
prostate cancer skeletal metastasis. Agents developed using these 
strategies could have the potential advantage of interfering with growth 
and enhancing apoptosis in both prostate cancer and bone stromal 
compartments. The selective application of gene therapy strategy, driven 
by tissue- specific and tumor-restricted promoters for the safe delivery 
and expression of therapeutic genes in experimental models of prostate 
cancer metastasis, is discussed. 
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AB The mechanisms by which prostate cancer metastasizes to bone with a strong 
osteoblastic reaction remain poorly understood. Several factors have been 
previously implicated, including transforming growth factor-p, 
fibroblast growth factors, endothelin-1 and bone 

morphogenetic proteins (BMPs). BMP-6 expression has been shown exclusively 
m the malignant epithelial cells of prostate cancers that have 
metastasized, but not in organ confined disease. Expression of BMP-6 in 
radical prostatectomy specimens has been shown to correlate with increased 
recurrence rates and decreased survival. This article presents the results 
of work by the authors' group in this field and a current literature 
review. 
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The molecular biology of host-tumor interactions unique to human prostate 
cancer that cause patient morbidity are poorly understood despite the 
prevalence of this neoplasm. Little is known fundamentally about 
prostate-specific exocrine gene products secreted by metastatic prostate 
carcinoma cells at metastatic sites that cause diffuse bone pain 
immunosuppression, anemia, cachexia, and other clinical signs of 'advanced 
prostate cancer. Growing evidence supports the presence of androgen- 
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regulated exocrine gene products as independent mediators of prostate 
cancer morbidity. The experimental and clinical implications of a 
hypothesis that prostate-specific exocrine genes cause patient morbidity 
are discussed. 
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AB In a prospective study of 30 patients with breast cancer (23) or 
small-cell lung cancer (7) treated with doxorubicin (DR) , plasma 
concentrations of endothelin (ET) -1 increased progressively in 5 cases, 
not related to cumulative DR dose, and 2/5 developed clinical CHF. Other 
medications included tamoxifen, 5-f luorouracil , cyclophosphamide, 
medroxyprogesterone- acetate, 5 ' -doxif luridine , cisplatin, vincristine 
and etoposide. Serial measurements of plasma ANF, fractional shortening 
(FS) studied by M-mode echocardiography, and LV ejection fraction (LVEF) 
showed no abnormalities until the development of CHF. Patients who did 
not develop CHF showed no appreciable change in plasma ET-1 or other 
markers. The results suggest that plasma ET-1 may be useful for 
predicting the risk of DR-induced cardiotoxicity. 

ABEX Methods 30 Consecutive Japanese patients (aged 35-70 yr, mean 55 yr, 

6 men) scheduled to receive DR were monitored by ECG and M-mode 
echocardiography, and blood analysis for DR, ET-1 (by RIA and HPLC) and 
ANF (by RIA) . Results Plasma ET-1 levels rose progressively in 

5/30 (3 breast cancer and 2 small -cell lung cancer) patients during DR 
treatment. 25 Patients given cumulative DR doses of 400-660 mg/sq.m 
showed no appreciable change in plasma levels of ET-1 or ANF, or in the 
FS or LVEF. 2/5 Patients with progressive rises in ET-1 developed 
clinical CHF. 1 Of these was a 52-yr-old woman with lung and 
bone metastases from breast cancer, treated with DR, 

5-f luorouracil and cyclophosphamide; she had plasma' ET-1 rising from 2.2 
to 7.7 pg/ml at 400 mg/sq.m DR, and developed clinical CHF after 2 
additional courses of 50 mg/sq.m DR. Baseline and serial FS and LVEF had 
shown no abnormality until she developed CHF. CHF resolved with medical 
therapy after stopping DR. In the other case, a 54-yr-old man with 
extensive small-cell lung cancer treated with DR, vincristine and 
cyclophosphamide, had shown ET-1 rise from 3.1 to 10 pg/ml after 420 
mg/sq.m DR, but no change in FS or LVEF; he developed signs of CHF after 
the next DR dose (60 mg/sq.m), and improved after stopping DR and 
treatment with diuretics + fluid restriction. 3 Patients had increases 
m plasma ET-1 from 2.5 to 7, 2.6 to 8.2 and 2 to 6.9 pg/ml after 
cumulative 550, 450 and 450 mg/sq.m DR, respectively, then stopped DR and 
did not develop CHF. (W103/AE) 
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